METHODS
We analyzed, by means of a medical chart, 20 newborn patients with microcephaly, whose mothers presumably had a Zika virus infection during pregnancy. This study was carried out in a maternity hospital of reference in Grande João Pessoa-PB, and we also performed a bibliographic search in the SciE-LO, Lilacs, and Medline databases.
The data analysis was performed from the descriptive statistics, with mean, standard deviation, median, amplitude, confidence interval, minimum and maximum values for the continuous variable of head circumference. The nonparametric Chi-square statistics were used to verify the association between head circumference and ocular alteration, at a significance level of 0.0001. The data were tabulated and analyzed using SPSS software (Statistical Package for the Social Sciences).
RESULTS
Of the 20 newborns whose medical records were analyzed, 10 were males and 10 females, all born at term, with gestational age ranging from 37 to 40 weeks and an average weight of 2.649 kg. Most mothers, around 70% (14 mothers), reported the presence of a rash during pregnancy, suggesting that they might have been affected by Zika virus in the gestational period.
Of these, 11 reported it during the first trimester of pregnancy, and three in the second trimester. The head circumference ranged from 27 cm to 31.5 cm at birth, with an average of 29.5 cm. and microcephaly and issued an epidemiological alert about the association between the viral infection, congenital malformations, and neurological syndromes 1. 5 .
Microcephaly is not a disease in itself, but a sign of destruction or deficit of brain growth, with a congenital malformation defined as a head much smaller in size than those of other babies of the same age and sex 4. 6 .
The sequelae of microcephaly depend on its etiology and the age at which the event occurred, the earlier the infection, the more serious are the anomalies of the central nervous system (CNS) 4. 6 .
The eye, as an extension of the developing brain, has been examined in patients with microcephaly and a maternal history of infection by Zika virus. In 55% of patients with Zika virus infection, in the 2015-2016 Brazilian epidemic, there were central anomalies in the retina and other ocular alterations 4,7-11 . These neurodevelopmental defects, associated with Zika infections, are grouped into what is called Zika virus syndrome 12 .
The retinal changes caused by Zika virus infection usually involve the macula, with injuries ranging from mild pigmentation alterations to retinal atrophy 13- 16 .
The present study describes the profile of children with microcephaly, born in a maternity hospital of reference in João Pessoa, whose mothers presumably had a Zika infection during pregnancy, and the association between ocular alterations and head circumference, in addition to a review of the literature on the subject. In relation to the imaging exams, all children had an ultrasound after birth, in which neurological abnormalities were observed suggesting an intrauterine infection. Of these, the most frequent was ventriculomegaly/hydrocephalus in 75% of the patients, followed by brain calcifications in 55% of them. Other changes found were cerebral hemorrhage and brain alterations, such as lissencephaly and pachygyria.
In relation to the ocular effects, these were observed in 70% of the patients, and macular atrophy was the most frequent (30%) ( Figure 1 ). The ocular alterations found ranged from normality to paleness and hypoplasia of the optic nerve, dispersion of retinal pigment epithelium in the macular region and chorioretinal macular atrophy ( Figure 2 ).
According to the data in Table 1 , the mean head circumference is of 29.55 cm, with a positive or negative variation of 1.54. The minimum value observed for the head circumference was 27 and the maximum 32. The amplitude of the head circumference, i.e., the difference between the highest and lowest values was 5.
The significance level of P=0.000 in the non-parametric chi-square statistic value was less than α = 0.0001, showing that P<α; thus, we can conclude that, at a 0.0001 level, there is an association between the head circumference and ocular alteration.
DISCUSSION
It is known that the intrauterine period is a critical stage for the growth and development of fetal organs and tissues and that injuries suffered during this stage interfere with this process. Pregnant wom-en, when infected by teratogenic etiologic agents, such as toxoplasmosis, rubella, cytomegalovirus, herpes, and syphilis, can transmit them vertically. In Brasil, the event of the epidemic of microcephaly simultaneous with the widespread Zika virus infection meant that, for the first time, a possible causal association between arbovirus infections and congenital malformations was reported and, subsequently, confirmed 1 .
Even though the knowledge about the natural evolution of the disease and its pathogenesis is still scarce, the current evidence is strong enough to establish a causal relationship between a Zika virus infection during pregnancy, particularly in the first trimester and not necessarily symptomatic, and the increased incidence of abortions, stillbirths, and early mortality, in addition to microcephaly and severe ocular alterations that lead to severe low vision of these children 4 .
The knowledge of the ocular effects of the Zika virus syndrome is based on a series of cases by many 19 .
These exams are important both to obtain a better understanding of the disease, but also to plan strategies for visual rehabilitation in order to improve cognitive aspects 17. 18 . Multicenter prospective studies are necessary because it will provide important data about the natural course of the disease, which will contribute to the creation of guidelines relating to the diagnosis, treatment, and follow-up for the rehabilitation and eye care of newborns with Zika virus syndrome.
The perspective of this study is to corroborate other articles in relation to the existing association between Zika, microcephaly, and ocular changes, in addition to contributing with public health policies and social measures aimed at encouraging that all newborns of mothers who presumably had a Zika infection go through ophthalmologic screenings, for early visual stimulation, in order to minimize the dependencies and the social effects caused by these changes in patients affected. In addition, this work emphasizes to the authorities that there is a need for more public and private investment for the better understanding of the disease, since the lack of financial resources for research is a key limiting factor in this process, with an impact on public health in Brasil and worldwide. researchers, including the study group on Zika virus, which proposes to carry out ophthalmologic evaluations, not only of newborns with clinical and/or laboratory evidence of ZIKV, but also of apparently healthy children whose mothers had laboratory evidence of ZIKV infection during pregnancy or even suspected cases in endemic areas 3. 17 .
In a case study carried out in Recife-PE, three cases of intrauterine Zika virus infection were reported, detected using a funduscopy exam of the eyes, macroscopic macular pigment, and macular chorioretinal atrophy 5 . In another study, 15 patients who had macular abnormalities were also described, but these have not been reported in other outbreaks of Zika virus worldwide 2 . Changes in the optic nerve were also observed, such as hypoplasia, paleness and an increased excavation of the optical disk 2,5,18, 19 .
A study conducted in Colombia and Venezuela, which evaluated 43 patients between October 2015 and June 2016, showed that 12% of the cases of congenital Zika with microcephaly had anomalies of the anterior segment of the eye and 88% presented macular and optic nerve abnormalities. The visual sequelae of theses ophthalmic effects remain unknown 20 .
The physiopathology of the injuries presented by these infants may be related to the virus or the inflammatory response. This can result in serious brain findings (abnormal development and brain calcification), as well as ocular lesions 2,3,5, 19 . The association between head circumference and ocular alterations observed in this study is supported by Ventura et al. 21 .
It is still unknown whether the ocular alterations 
